Background and aims The genus Burkholderia is highly diverse and may mediate plant growth via several mechanisms. The current study evaluates the role of strains from four Burkholderia species in maize growth promotion. Methods Twenty three strains of diazotrophic Burkholderia species were applied to two maize genotypes (SHS5050 and BRS4157) under greenhouse and field conditions. Strains were tested for growth promotion in greenhouse during 40 days. Strain 41 from B. silvatlantica was used under field conditions. Parameters evaluated: biomass accumulation, N and root measurements in pots and grain yield, N % and N in the grains under field conditions. Results Eleven strains were evaluated under soil substrate. The inoculation of the hybrid SHS5050 showed root biomass improvement using three strains, namely M130, M209 and PPe7. The highest acetylene reduction activity was observed in strain 41 from B. silvatlantica. Strain 41 from B. silvatlantica improved plant dry mass on both genotypes. This strain produced 31 % more aerial tissue and 7 % more root dry mass in the BRS4157 variety than it did in the control. Both genotypes planted at Seropédica, RJ, produced 7 % more grains under field conditions and the variety produced 10.9 % more grains in comparison to the non-inoculated control. Conclusion Strain 41 from B. silvatlantica showed beneficial plant-growth promotion of maize under greenhouse and field experiments specially in a low fertility soil.
Introduction
Maize (Zea mays) is one of the main cereals used worldwide in human and animal nutrition and it has been recently used as a source of biofuel. This crop needs large quantities of nitrogen (N) fertilizer to reach high yields. Approximately 9-11 kg of N are necessary to produce each tone of maize (Anuar et al. 1995) , but its application usually reaches efficiency values below 50 % (Halvorson et al. 2002) . Beneficial associations between rhizospheric and endophytic diazotrophic bacteria with plants may promote plant growth by means of different mechanisms, especially by enhancing root biomass and indirectly reducing nitrogen loss or even by contributing with part of its demand (Alves et al. 2015) .
Several diazotrophs were isolated from maize plants throughout the years. The first one was Azospirillum brasilense, a widespread bacterium species used as a commercial maize inoculant in several countries such as Argentina, Mexico, Colombia, Egypt, and since 2010, in Brazil (Fages 1994; Hungria et al. 2010; Mehnaz et al. 2010) . Several genera of Gram-negative bacteria such as Klebsiella, Pantoea, Herbaspirillum, Stenotrophomonas, as well as Gram-positive bacteria such as Paenibacillus and Bacillus, among others were isolated from maize genotypes in some countries (Roesch et al. 2008; Mehnaz et al. 2010; Montañez et al. 2012; Liu et al. 2012; Ikeda et al. 2013; Rodrigues-Blanco et al. 2015) . Burkholderia is one of the genera commonly found in several plants, including maize (Liu et al. 2012 ). This genus is able to produce nodules in legume species (Moulin et al. 2001) and it is associated with properties that can benefit several plants (Sessitsch et al. 2005) . However, it also encompasses species that cause plant, animal and human diseases, especially B. cepacia complex -Bcc (Coenye and Vandamme 2003) . It is a controversial genus which presents several positive and negative properties and it is divided into Bcc (normally associated with detrimental aspects) and plant-associated nitrogen-fixing groups. Its clade is reported to be beneficial to plants (Suárez-Moreno et al. 2012) . It has positive features such as biological nitrogen fixation (BNF), biocontrol by antimicrobial activity compounds production, aromatic pollutants and chlorinated solvents degradation, phytohormones production, among others features (Van et al. 2000; EstradaDe Los Santos et al. 2001; Caballero-Mellado et al. 2007; Paungfoo-Lonhienne et al. 2014) . B. vietnamiensis belongs to the Bcc complex, but it was isolated from rice rhizosphere in Vietnam. The species is considered to be a plant growthpromoting rhizobacteria (PGPR) (Van et al. 2000) . B. kururiensis (Anandham et al. 2009 ), B. tropica (Reis et al. 2004 ) and B. silvatlantica (Perin et al. 2006) were isolated from sugarcane and maize in Brazil and México and they are considered to be PGPR bacteria associated with sugarcane, tomato, and pineapple growth, among others plants (Suárez-Moreno et al. 2012) .
Burkholderia vietnamiensis is the oldest diazotrophic Burkholdeira species described (Gillis et al. 1995) and it has been mentioned several times as inoculant application in rice crops (Van et al. 2000; Govindarajan et al. 2008) . B. kururiensis was first described in a contaminated soil in Japan (Zhang et al. 2000) , but its other strain (M130) was also isolated from rice and used as inoculant also in rice (Mattos et al. 2008; Guimarães et al. 2010 ). It was first described as a new species called B. brasilensis (Baldani et al. 1997 ). However, this name was not accepted because this strain fitted into the new B. kururiensis species described at that time. This species had the same 16S rRNA gene sequence and did not differ in the other tested molecular and morphological parameters. B tropica is another beneficial species isolated from sugarcane (Reis et al. 2004) and it is applied to this crop as part of a mixed inoculant (Oliveira et al. 2003 (Oliveira et al. , 2006 Schultz et al. 2012 Schultz et al. , 2014 . B. silvatlantica is the newest described species in comparison to the other three species (Perin et al. 2006) and it is also the one that had fewer data on plant application.
The Burkholderia species is commonly found in maize plants (Perin et al. 2006) . but few studies have examined the impacts of applying different PGPR strains to this plant (Mehnaz et al. 2010 ). Thus we aimed to assess the application of 23 PGPR strains that belong to genus Burkholderia (from 4 different species -all deposited at the diazotrophic Bacteria Collection of Embrapa Agrobiologia) on maize. Inoculant effects on two maize varieties (the SHS5050 maize hybrid and BRS4157 variety) were assessed under greenhouse and field conditions, in aiming to determine the strain with the best performance under field conditions.
Material and methods

Organisms
Twenty-three strains of the genus Burkholderia deposited at Embrapa Agrobiologia Diazotrophic Bacteria Collection were used in the current study. These strains encompassed five B. kururiensis, four B. tropica, five B. vietnamiensis and nine B. silvatlantica strains (Table 1 ). All the strains were initially grown on plates with solid JMV culture medium ).
Taxonomic identification
Genomic DNA was extracted from 23 isolates previously cultivated/grown in liquid DYGS medium ) for 24 h. The DNA was extracted using Wizard Genomic DNA Purification Kit (Promega, Madison, Wisconsin,USA), according to the manufacturer's instructions. The fragment of the 16S rRNA gene was amplified by the 27F (5'-GAGTTTGATCCTGGCTCAG-3') and Amp2 (5'-AAGGAGGTGAT CCARCCGCA-3') primer combination. The PCR mixture consisted of 10× buffer, 2.0 mM MgCl 2 , 0.25 mM DNTP, 0.2 μM forward and reverse primers, and 1.5 U Go Taq polymerase (Promega valid data 12/10/15). The reaction was heated at 95°C for 3 min, followed by 29 cycles with denaturation at 94°C for 45 s and annealing at 58°C for 45 s with 2 min extension. The PCR product was quantified and ExoSap treated.
The sequencing reaction was performed using 100 ng DNA, 1.5 μl 5× sequencing buffer (Applied Biosystems Cat 4,336,697), 1 μL Big Dye Terminator v3.1 (Applied Biosystems Cat 4,336,917) and 1 μl forward and reverse primers (5 μM). The primers used in the sequencing reaction were also 27F and Amp2.
The reaction was carried out starting at 96°C for 1 min and it was followed by 35 cycles involving denaturation at 96°C for 15 s and annealing at 50°C for 15 s with extension at 60°C for 4 min. The Applied Biosystem 3500 was used to obtain the sequences.
A similarity search was conducted in the National Center for Biotechnology Information (NCBI) database (http://www.ncbi.nlm.nih.gov). The phylogenetic tree was constructed according to the analysis of 16S sequences of diazotrophic bacteria strains. The sequences were aligned using the CLUSTAL W software (Thompson et al. 1994) . The phylogenetic analysis was performed using MEGA5 software, with 1450 bases (Tamura et al. 2011) , according to the neighbor-joining method (Saitou and Nei 1987) and to the Kimura two-parameter model (K2P) (Kimura 1980) . Cupriavidus taiwanensis was used as outgroup bacteria.
Nitrogen-fixing ability
The nitrogen-fixing ability was assessed by acetylene reduction assay (ARA), as described by Boddey (1987) using JMV semi-solid culture medium ) and bromothymol blue pH indicator, without N. The cultures were incubated in 5 mL penicillin vials for 72 h at 30°C. Nitrogenase activity was determined by ethylene production and measured one hour after acetylene injection. The result was obtained through digital integrator (model 1022 PE Nelson) coupled to the chromatograph. The specific activity was determined by dividing the total ARA activity by the cumulative cell protein of the culture, per hour, according to the method described by Lowry et al. (1951) and modified by Rodrigues et al. (2008) . There were three replicates for each bacterial strain and the control had no bacteria.
Selecting Burkholderia spp. strains
Pure colonies of 23 Burkholderia spp. strains were initially cultured on JMV plates and a single colony was transferred to liquid DYGS culture medium ) for 24 h, at 30°C, and stirred on a shaker table at 175 rpm. Each seed was treated with 1 mL cell suspension adjusted to 10 8 -10 9 colony-forming units (CFU) mL
, at the optical density O.D. 436nm = 1 (Schloter et al. 1992) . Two experiments were conducted in greenhouse at Embrapa Agrobiologia, in Seropédica, Rio de Janeiro, one using the triple-cross maize hybrid SHS5050 genotype and the other using the BRS4157 variety. The two genotypes were chosen due to their contrasting responses to mineral fertilization and adapted to the regions used for the field experiments. Both experiments were arranged in randomized block design with four replications.
Experiment I
Plastic boxes were filled with 15 kg of sand and vermiculite (2:1; v/v) sterilized through vertical autoclave. The results from the substrate analysis were: pH (water) 4.7. and exchangeable elements (cmolc dm . ) in the form of urea and the control treatments were consisted as one control without inoculant and nitrogen fertilization (T0) and two non-inoculated controls fertilized with 20 (10 mg kg −1 -T20) and 40
(20 mg kg −1 -T40) kg ha −1 N. Forty days after planting, the plants were harvested and the cumulative dry matter (DM) of the shoots and roots was evaluated. The root length and area were measured by the root analysis program developed by Embrapa Instrumentação Agropecuária (SIARCS 3.0). The shoot N content was determined by Kjeldahl, as suggested by Bremner and Mulvaney (1982) .
Experiment II
Plastic boxes were filled with 15 kg of soil from the upper 20 cm of the A horizon of a very N-poor Typic Hapladult (USDA, Soil Taxonomy -Dystrophic Haplic PlanosolEcology series -Brazilian Soil Classification System), of the experimental area at Embrapa Agrobiologia, in Seropédica (22°44′38″ S and 43°42′28″ W at 26 m high).
Results from soil analysis were: pH (water) 4.9 and exchangeable elements in cmolc dm ; 7.9 mg dm −3 of organic matter and there were no traces of available nitrogen. Soil pH was corrected as mentioned above and fertility was corrected using 60 kg ha −1 P 2 O 5 (1.5 mg kg −1 simple superphosphate) and 40 kg ha
All the inoculated treatments were fertilized with 20 kg ha
) in the form of urea and the checks consisted of one control without inoculant and nitrogen fertilization (T0) and two non-inoculated controls fertilized with 20 (10 mg kg −1 -T20) and 40 (20 mg kg −1 -T40) kg ha −1 N. Subsequently, two seeds of each genotype described above were planted per box. The same variables were herein evaluated as they were in Experiment 1.
Field experiments
Inoculation tests were evaluated according to the ARA activity in sterile and soil substrates in the greenhouse. Strain 41 from Burkholderia silvatlantica was selected for agronomic evaluations under field condition. Thus, two field experiments were carried out. KCl), with addition of 20 kg ha −1 N (kg ha −1 of urea).
Strain 41 was initially plate-cultured with JMV solid medium to check purity. It was subsequently grown in DYGS medium to obtain cells for field application. The inoculum containing 10 9 cells mL −1 (75 ml) was mixed with 175 g peat, finely powdered, previously neutralized and autoclaved, and then it was homogenized. The seeds were covered with 10 % manioc starch solution and then covered with peat, inoculated at the ratio of 250 g peat inoculant per 10 kg maize seed. The mean monthly temperatures ranged from 20.2 to 24.9°C in the 120 days of the experimental period and rainfall ranged from 82.8 to 1.8 mm in Seropédica. In Planaltina, the mean monthly temperatures ranged from 18.6 to 21.8°C and rainfall ranged from 141.7 to 0.10 mm. Both experiments were conducted with the same period of maize growth. Soil moisture was maintained with supplemental irrigation during the low rainfall period. The planting density was 5 plants per m , half the dose and the recommended N dose to the crop, split in two half-rate applications in the form of urea. The following variables were analyzed: yield (dry grain weight at 13 % humidity -kg ha −1 ), N % and total N in grain per plot under N-fertilization. Total N was determined by digestion as described by Bremner and Mulvaney (1982) .
Statistical analysis
The data were analyzed using the SAEG 9.0 software (Euclydes 2004) for normality test (Lilliefors) and variance homogeneity (Cockran & Bartlet). Variance analyses were then performed in the SISVAR 5.3 software (Ferreira 2010) . The Scott-Knott test (Scott & Knott 1974 ) was used at 5 % significance level in all the assessments. Correlation analysis was also conducted between the growth-promoting effect and the amount of acetylene reduction (ARA).
Results
Burkholderia is a genus of the class betaproteobacteria, which comprises more than 85 described species. This number keeps increasing year after year. The current study selected four species -B. kururiensis, B. tropica, B. vietnamiensis and B. silvatlantica -in order to evaluate their growth promotion effect on maize. All the isolates were obtained from Embrapa Agrobiologia Diazotrophic Culture Collection, RJ and 22 of them originated from plant samples. Only B. kururiensis KP23 T strain was isolated from aquifer polluted, it means, an environment strain. Five strains were homologue to maize plants, it means, isolated from the same plant tested and all of them belonged to the species B. silvatlantica, which is the latest species described, among the 23 tested species (Table 1) .
The phylogenetical tree of the 23 isolates confirms the identity and distance between the strains (Fig. 1) . The four species selected for the assay have a different branch in the tree. B. silvatlantica is closely related to Burkholderia nodosa and B. tropica to B. unamae, but B. viatnamiensis is located in a distant branch and it is considered to be in the B. cepacea cluster.
Acetylene reduction activity is used as indirect method to measure nitrogenase activity. It uses a competitive acetylene substrate reduced to ethylene and it is considered to be a good nitrogenase presence indicator. Three days after the inoculation it was applied to all the tested strains in semi-solid medium without nitrogen, when the pellicle was formed as described by Baldani et al. (2014) . The ARA among the strains ranged from 8.82 to 905.42 nmol C 2 H 4 hour −1 mg ptn −1 and the activity was not correlated with plant origin or bacterial species. The low activity <99 nmol etylene h −1 mg prot −1 included 13 strains, the medium activity (100 to 300) included 4, and the high activity (> 300) included 6 strains ( Fig. 2) . Two B. kururiensis strains (KP23 and M130), two B. tropica strains (PPe 6 and PPe 7) and two B. silvatlantica strains (41 and PPCRr8) fit this last Fig. 1 Neighbor-joining phylogenetical tree based on bacterial 16S rRNA sequences (1 450 bp), including sequences used in this study and from the most closely related 16S rRNA genes of previously cultured diazotrophic strains. The 16S rRNA sequences of the representative isolates used in this study are shown in bold. The 16S rRNA sequences of type strains are followed by the letter T. Numbers on the branches represent bootstrap values from 1000 replicates. The bar chart shows the number of nucleotide substitutions per site. Cupriavidus taiwanensis sequences were used as outgroup. Similarity analysis by the program MegaBLAST group. No B. vietnamiensis was included in this group or strains were isolated from maize plants.
Two maize genotypes were used in the greenhouse experiments, namely the SHS5050 hybrid and the BRS4157 variety. When a sterile substrate was used, SHS5050 produced 6 times less shoot dry mass in the control without nitrogen in comparison to the treatment fertilized with 40 kg N ha −1 (Table 2 ). The maize variety was less sensitive to nitrogen absence and it produced 4.7 times less shoot biomass in the control in comparison to that of the high N level (Table 3) . Both genotypes linearly responded to N fertilization (Tables 2 and 3 ). The inoculation of the 23 strains in the SHS5050 maize hybrid was measured under greenhouse condition using sterile substrate (Table 2 ). All tested bacteria received 20 mg N per pot during the assay and the inoculation resulted in higher biomass production of aerial tissue in 15 strains, in comparison to that of the high N level. All B. vietnamiensis, B. tropica and almost all B. silvatlantica produced as much as the control with 40 kg N ha −1 , i.e., with half N application. Root dry mass was less responsive and only three strains -B. kururiensis M130 and M209 and B. tropica PPe7 -showed root biomass improvement comparison to the control with high N level. Root area and root length did not differ among treatments. The N content differed among the strains, but two of them -B. vietnamiensis 139 and B. silvatlantica PPCRr8 -showed the same value as the control when the higher dose of fertilizer was applied. None of the 23 strains accumulated as much nitrogen as the control with 40 kg of N fertilizer.
The differences in the BRS4157 maize variety growth parameters were less pronounced compared to the hybrid (Table 3) . Four strains promoted growth of aerial plant tissue when they were compared to the control with higher N fertilizer application, namely B. kururiensis M130 and 120 isolated from rice, B. tropica PPe5 and PPe6 isolated from sugarcane. Root dry biomass was improved by a single strain, B. vietnamiensis strain 102 isolated from rice. Root area and root length were stimulated by five strains: 100, PPe5, 102, 3 m and 85 m and they had higher root positive effect than the control with 40 kg of N fertilizer. Besides that to root area, the PPe5 strain showed positive effect. Compared to the uninoculated control with 40 kg of N fertilizer, none of the 23 strains showed N content or accumulated N as much nitrogen as the control with 40 kg of N fertilizer.
Eleven strains selected from the data of the sterile experiment performed on both varieties were evaluated under soil condition. Two B. kururiensis, M130 and 120, one B. tropica PPe6, one B. vietnamiensis 139 and seven B. silvatlantica were the least studied species with no data regarding their application on maize plants available (Tables 4 and 5 ). As for the pot experiment with soil substrate, SHS5050 maize hybrid did not Strains of Burkholderia spp. Fig. 2 Nitrogenase activity (ARA) of Burkholderia spp. isolates; values indicate the mean of three replications. Different letters differ significantly by the Scott-Knott test at 5 % probability. CV = 17,31 % respond to nitrogen application in any of the evaluated parameters, thus showing that the soil used as substrate was not limited by N for plant development during the 40-day experimental period as all inoculated treatments received the equivalent to 20 kg N ha −1 (Table 4) . On the other hand, inoculation showed the positive effect of six strains on the biomass accumulation of aerial plant tissue and the positive effect of four strains on root dry mass. In general, B. kururiensis strain 120, B. vietnamiensis M139 and B. silvatlantica PPCRr8 improved almost all the evaluated parameters, excepted for % of N (Table 4) . Strain 41 from B. silvatlantica improved dry mass accumulation in the entire plant but not in the root area, length or N. Strain M130 produced T0 absolute control; T20 control with 20 kg ha −1 N; T40 control with 40 kg ha −1 N; SDM shoot dry matter; RDM root dry matter; RA root area; RL root length; % N N content of the aerial part; Total N = cumulative nitrogen in the aerial part. Means of four replications. Means in the same columns followed by the same letter, or no letter, do not differ at p < 0.05 (Scott-Knott test) 18 % more aerial dry mass than the control with half of nitrogen under sterile condition and 14 % in soil substrate (Tables 2 and 4) . B. kururiensis 41 also produced 10 % more aerial plant mass in sterile substrate and 13 % in soil using SHS5050 genotype.
The BRS4157 maize variety did not respond to Nfertilizer in plant dry mass. However, the N % showed that this experiment produced more dry mass with zero N than it did with 20 kg of N-addition (Table 5) . Therefore, all comparison will be performed against the control with 40 kg N. Three strains showed positive increment in this variety: M130, 139 and 41. The last one specially produced 31 % more aerial plant dry mass than the control. Root dry mass was also positively T0 absolute control; T20 control with 20 kg ha −1 N; T40 control with 40 kg ha −1 N; SDM shoot dry matter; RDM root dry matter; RA root area; RL root length; % N = N content of the aerial part; Total N = cumulative nitrogen in the aerial part. Means of four replications Means in the same columns followed by the same letter, or no letter, do not differ at p < 0.05 (Scott-Knott test) affected by this inoculation, thus showing 7 % increment. Strains 139 and PPCRr8 affected root dry mass and 85 m resulted in N % positive effect (Table 5) . None of the strain inoculations differ in nitrogen accumulation because the substrate presented no limitation of this nutrient.
Only a single strain 41 from the B. silvatlantica species was selected under field condition. This strain was selected based on the ARA activity (Fig. 2 ) the aerial dry mass in the greenhouse experiment with SHS5050 hybrid maize in sterile substrate (Table 2 ) and the soil experiment with both genotypes (Tables 4 and 5 ). It also stimulated a positive growth response to other parameters (Tables 2, 3 , 4, and 5) and belongs to an infrequently studied species. This strain showed positive effect on grain yield using both genotypes under field conditions in the experiment planted at Seropédica, RJ. These genotypes were also tested in the greenhouse experiments (Table 6 ). The soil used to test this bacterium performance is very poor in nitrogen, so both genotypes received 40 and 80 kg ha −1 N fertilizer to produce approximately 3.8 tonnes of grains per hectare. Both genotypes produced more than 284 kg grains with a single B. silvatlantica application. The variety was more responsive to the applications with the increment of 383 kg grains than it was to the non-inoculated control (Table 6 ). As for the SHS5050 hybrid maize, inoculation reduced the N % in the grain and variety BRS4157,nitrogen did not differ between treatments. The second experiment conducted at Cerrado region showed higher overall mean of grains and it produced 600 kg grains per hectare in the inoculated plots (Table 6 ). Inoculation did not increase grain yield or nitrogen content in this experiment. However, the SHS505 hybrid genotype showed 500 kg ha −1 increment of grains under zero nitrogen condition. The grain yield increment in both genotypes varied from 300 kg ha −1 (variety) to 742 kg ha −1 of grains (hybrid) with 40 kg nitrogen and inoculation, and it represents more 10 kg of N accumulated in this plant part. T0 absolute control; T20 control with 20 kg ha −1 N; T40 control with 40 kg ha −1 N; SDM shoot dry matter; RDM root dry matter; RA root area; RL root length; % N = N content of the aerial part; Total N = cumulative nitrogen in the aerial part. Means of four replications Means in the same columns followed by the same letter, or no letter, do not differ at p < 0.05 (Scott-Knott test) Discussion Burkholderia is a well-known bacterial genus used for different purposes, such as inoculant for plant application. Plant growth promotion can be caused by several mechanisms (Luvizotto et al. 2010; Castro-Gonzalez et al. 2011; Naveed et al. 2014) . It is well accepted that there are two main groups formed by these 89 described species but only part of these species were exemplified in Fig. 1 , the close related ones. The first group is considered to be formed by environmental isolates originated from plant and soil samples. The second one includes the origin of genus Burkholderia, and the B. cepacia complex (BCC) which holds the animal and human pathogen species, including B. vietnamiensis (Suárez-Moreno et al. 2012) . Data presented in the current study contributed to these analyses due to their significant bootstrap values higher than 90 (Fig. 1) . Growth promotion may be associated with different mechanisms including BNF as well as with other direct and indirect processes. Siderophore has been found in B. tropica, B. silvatlantica and B. kururiensis (Caballero-Mellado et al. 2007; Sessitsch et al. 2005) . Castro-Gonzalez et al. (2011) also identified several Bukholderia species associated with sugarcane in México and they quantified the production of IAA, siderophore and phosphate solubilization in vitro by B. tropica, B. unamae, B. caribensis and B. vietnamiensis; species isolated from several sugarcane varieties. Ninety-five out of the 398 obtained isolates were diazotrophs and they were tested using the ARA activity as well as the nif H gene amplification method. The B. vietnamiensis strain AR 1122 had positive effect on rice cultivar Arroz 70 under greenhouse and field experiment conditions. However, it did not have the same effect on other 11 cultivars under gnotobiotic conditions, on six cultivars under pot experiments or on at least three cultivars under field conditions T0 absolute control; T20 control with 20 kg ha −1 N; T40 control with 40 kg ha −1 N; SDM shoot dry matter; RDM root dry matter; RA root area; RL root length; % N = N content of the aerial part; Total N = cumulative nitrogen in the aerial part. Means of four replications. Means in the same columns followed by the same letter, or no letter, do not differ at p < 0.05 (Scott-Knott test) (Araújo et al. 2013 ). This genotype response was also observed in the tested Burkholderia strains (Tables 2, 3 , 4 and 5). Another evidence of genotype response was found by Vargas et al. (2012) that used rice plantlets and measured the ethylene modulation hormonal response to inoculation. Vargas et al. (2012) used B. kururiensis M130 and Azospirillum brasilense Sp 245 inoculation on rice cultivars IR 42 and IAC4440, which were selected based on their response to BNF capability: the first one is responsive and the second is not. Cultivars showed significant increase in lateral root numbers 10 days after the inoculation with A. brasilense Sp245, but plants inoculated with B. kururiensis M130 did not.
The Bcc complex includes B. vietnamiensis which is a bacteria commonly isolated from the maize rhizosphere worldwide (Balandreau et al. 2001; Fiore et al. 2001; Zhang and Xie 2007) . Some field experiments were performed with this species, but mainly with rice inoculation. The first report was done by Tranvan et al. (1994) who used the TVV75 strain in pots containing acid-sulfate soil. The strain was selected according to ARA activity and growth promotion in young plants with 20 % increment in rice grains final yield, similar approach used in this publication. Later on, Van et al. (2000) repeated this use in pots with three different field experiments with rice and again TVV75 improved grain yield. Baldani et al. (2000) compared this species with other Burkholderia isolates. They used gnotobiotic conditions and B. vietnamiensis fixed 19 % of the plant total N. Araújo et al. (2013) tested another strain of B. vietnamiensis in a rice crop planted in the Northeast region of Brazil and it presented good association with a single cultivar. This specific interaction between the Burkholderia strain and the plant genotype was also observed with strain 41, under field conditions (Table 6 ).
Other Burkholderia species has been tested as inoculant in several plant species. Paungfoo-Lonhienne et al. (2014) used one strain and the new diazotrophic species Burkholderia australis and compared them to one strain of Bacillus spp. on sugarcane plantlets. They observed that only B. australis enhanced sugarcane root and aerial dry biomass after inoculation and also that the inoculum density had positive effect on root dry weight, and that the aerial plant tissue was less sensitive to high bacterial UN uninoculated treatment; I inoculated treatment with strain 41. R.V relative value of Inoc -Control. Means of four replicates. Means in the same columns followed by the same letter, or no letter, do not differ at p < 0.05 (Scott-Knott test) numbers. This might be interpreted as a function of auxin production. The incorporation of 15 N 2 gas was also performed and it confirmed diazotrophic contribution to sugarcane N supply. Mehnaz et al. (2010) evaluated the effect of Burkholderia phytofirmans E24 and other four strains from different PGPR bacteria on maize var. 39D82 and 39 M27 under greenhouse conditions. They used the same sterile approach followed by soil substrate in order to select the best strain for plant application. B. phytofirmans had positive effect on dry weight under sterile substrate. The strain PsJN has been applied to wheat, maize, tomato, grapevine and potato, it colonizes the rhizosphere and the plant interior, also enhance the root system, leaf area and water use efficient (Compant et al. 2008; Naveed et al. 2013 Naveed et al. , 2014 . It means that the plant origin and plant effect specificities are not observed and it corroborates the present study, in which isolates from rice presented good performance on maize inoculation.
B. tropica presented one of the largest genomes described in an associative bacterium with 8.73 Mbp (PPe8 T strain) when it was compared with the 7.91 of B. silvatlantica (strain SRMrh20 T ), with the 6.90 Mbp of B. vietnamiensis (strain MMi302), with the 6.46 Mbp of strain KP23 and with the 6.64 Mbp of strain M130 from B. kururiensis. All of these strains showed two to five replicons (Martinez-Aguilar et al. 2008) . Although the selective advantage given by the multireplicons is not clear, some authors described these large genomes as being an advantage to fitness under the environmental conditions that bacteria must face when they are introduced to new hosts or when they are under soil conditions (Mahenthiralingam et al. 2005) . The draft genome of strain M130 from B. kururiensis was published in 2013 by Coutinho et al. (2013) . They showed that this species has genes that are associated with plant growth promotion such as accD gene encoding acc deaminase, indole production and nif genes. They are also associated with genes related to organic substance degradation and detoxification mechanisms.
Several mechanisms are involved in plant growth and bacterial strain selection of Burkholderia can improve plant yield under field conditions. The present data tested four bacterial species and only 23 strains. Data based on the features characterization of the strains and performance under soil condition can improve plant growth e reduce inputs of nitrogen fertilizers and agricultural costs.
